Objective To determine the sensitivity of the Nociception Coma Scale (NCS), the first scale developed to assess nociceptive pain in vegetative state and minimally conscious state patients, in comparing behavioural changes in response to noxious versus non-noxious stimulation. Methods The NCS was administered to assess patients' responses in three conditions: (1) baseline (observation of spontaneous behaviours), (2) non-noxious/tactile stimulation (taps on the patient's shoulder), and (3) noxious stimulation (pressure on the nail bed). Results We included 64 patients (27 vegetative state and 37 minimally conscious state; age range 20e82 years; 22 traumatic brain injury; 21 in the acute stage). The NCS total scores and subscores (motor, verbal and facial) were higher for the noxious versus the nonnoxious stimulation conditions. We did not observe a difference between the non-noxious and the noxious stimulation conditions for the visual subscale. We also found a NCS cut-off value of 4 differentiating the patients receiving a noxious stimulation from patients receiving a non-noxious stimulation. The exclusion of the visual subscale increased the cut-off sensitivity (from 46% to 73%; specificity of 97% and accuracy of 85%). Conclusion We propose a new version of the NCS excluding the visual subscale, the NCS-R, which constitutes a highly sensitive tool to assess responses to nociceptive pain in severely brain injured patients.
Results We included 64 patients (27 vegetative state and 37 minimally conscious state; age range 20e82 years; 22 traumatic brain injury; 21 in the acute stage). The NCS total scores and subscores (motor, verbal and facial) were higher for the noxious versus the nonnoxious stimulation conditions. We did not observe a difference between the non-noxious and the noxious stimulation conditions for the visual subscale. We also found a NCS cut-off value of 4 differentiating the patients receiving a noxious stimulation from patients receiving a non-noxious stimulation. The exclusion of the visual subscale increased the cut-off sensitivity (from 46% to 73%; specificity of 97% and accuracy of 85%). Conclusion We propose a new version of the NCS excluding the visual subscale, the NCS-R, which constitutes a highly sensitive tool to assess responses to nociceptive pain in severely brain injured patients.
Detecting pain in non-communicative patients with disorders of consciousness constitutes a real challenge. 1 Schnakers et al developed the Nociception Coma Scale (NCS) 2 3 based on pain scales for non-communicative patients with advanced dementia 4 or newborns 5 to assess behaviours linked to nociceptive pain in the vegetative state 6 (VS) (preserved arousal but no behavioural signs of consciousness) and in the minimally conscious state (MCS) 7 (preserved arousal and reproducible but fluctuating behavioural signs of consciousness). In the validation study, in addition to good interrater agreement and good concurrent validity with existing pain scales designed for non-communicative patients, 8e11 the NCS was the only scale to show a significant difference as a function of the consciousness level suggesting the NCS is highly sensitive to differentiate behavioural pattern in VS versus MCS patients. A noxious stimulus (pressure applied to the nail bed) was used in order to ensure that the behavioural changes observed were directly linked to the stimulation. 2 However, this does not ensure that these behavioural changes are actually specific to noxious stimulation, as they may also occur spontaneously or in response to non-noxious stimulation. Further investigation has therefore to be performed in order to ensure that the NCS is particularly sensitive to noxious stimulation. The objective of the present study was to compare the behavioural changes observed with the NCS in response to noxious versus non-noxious stimuli in order to determine its sensitivity in assessing behaviours linked to nociceptive pain in severely brain-injured patients.
METHODS Participants
This study was a prospective multicentre study including patients from the intensive care and the neurology units of the university hospital of Liège as well as from the neurorehabilitation centres and nursing homes that are part of the Belgian federal network for vegetative and minimally conscious states. Inclusion criteria were: (1) age $18 years; (2) no administration of neuromuscular blockers or sedation within the 24 h of enrolment; (3) the presence of periods of eye opening (indicating wakefulness and rest cycles); and (4) a diagnosis of VS or MCS, based on behavioural assessment performed using the Coma Recovery ScaleeRevised. 12 Exclusion criteria were: (1) documented history of prior brain injury; (2) premorbid history of developmental, psychiatric or neurologic illness resulting in documented functional disability up to time of the injury; and (3) upper limb contusions, fractures or flaccid paralysis. The study was approved by the Ethics Committee of the Faculty of Medicine of the University of Liège and written informed consent was obtained by the patient's legal representative.
Procedure
The NCS consists of four subscales assessing motor, verbal, visual and facial responses; each subscore ranges from 0 to 3 (total score: 0e12) (box 1). The scale was administered to assess patients' responses in three different conditions: (1) baseline, (2) nonnoxious stimulation, and (3) noxious stimulation. We included a baseline condition in order to be sure that the NCS total score obtained in response to stimulation is different from what is obtained spontaneously. We also included a non-noxious/ tactile stimulation condition as somatosensory and noxious stimulations are the closest classes of stimulation we could compare. During the first condition (ie, baseline), we observed the patient's spontaneous behaviours during 60 s (as used in 12 ). During the second condition (ie, non-noxious/tactile stimulation), we applied five rapid taps on the top of the patient's right and left shoulder. 13 Finally, during the third condition (ie, noxious stimulation), we applied pressure on the nail bed (as used in 12 and 14 ) of the middle finger of the right and left hand using a Newton-meter (Force Dial, FDN 200 model; Connecticut, USA; http://www.wagnerinstruments.com) which allows the examiner to gauge the amount of pressure applied to the patient. 2 The fingernail pressure increased progressively, was administered for a minimum of 5 s 12 and was stopped as soon as a behavioural response was observed.
Behavioural responses were recorded for a period of 10 s (as used in Giacino et al 12 ) after each stimulation (ie, non-noxious and noxious). The best responses (ie, the highest score) obtained across right and left side stimulation were scored. In order to ensure a sufficient level of arousal, each condition was administered while patients showed spontaneous eye opening. The entire procedure lasted less than 5 min. Patients' consciousness level was randomly assessed before or after this procedure by using the Coma Recovery ScaleeRevised (CRS-R). The CRS-R consists of 23 hierarchically arranged items that comprise six subscales addressing arousal, auditory, visual, motor, oromotor/ verbal and communication functions. The lowest item on each subscale represents reflexive activity while the highest item represents cognitively-mediated behaviours. 12 We did not apply the additional noxious stimulation requested in the motor subscale of the CRS-R but instead scored this item on the basis of the experimental noxious stimulation condition already applied.
Statistical analyses
As our data (ie, NCS total scores and subscores) were not normally distributed according to ShapiroeWilk tests (W<1), we decided to use non-parametrical statistical analyses. We have used a Friedman ANOVA with repeated measures on condition (ie, baseline vs non-noxious vs noxious) in order to detect differences in NCS total scores and subscores (ie, motor, visual, verbal and facial). We further investigated significant differences (p<0.01; Bonferroni corrected p value threshold) between the different conditions with the Wilcoxon signed ranks test (p<0.017; Bonferroni corrected p value threshold).
Using a receiver operating characteristic (ROC) analysis, we also determined an NCS cut-off value differentiating the patients receiving a noxious stimulation from patients receiving a non-noxious stimulation. We assessed the discriminatory power of this threshold as regards its sensitivity (ie, the true positive rate or the proportion of patients who have received noxious stimulation and have an NCS total score above a determined cut-off) and its specificity (ie, the true negative rate or the proportion of patients who have received non-noxious stimulation and have a NCS total score below a determined cut-off).
RESULTS
We included 64 patients, of whom 27 were VS and 37 MCS according to the behavioural assessment performed using the CRS-R 12 (age range 20e82 years; 24 women). Aetiology was traumatic (n¼22), post-anoxic (n¼20), intracerebral haemorrhage (n¼8), metabolic (n¼4), ischaemic stroke (n¼3), encephalitis (n¼3) and others (n¼4). Twenty-one patients were assessed in the acute stage (ie, <1 month post-injury) and 43 in the chronic stage (interval ranging from 1 month to 6 years). According to a ManneWhitney U test we performed, the amount of pressure that was applied (52.77610.39 N/cm 2 ) in the noxious stimulation condition was not different according to the diagnosis (VS vs MCS) (U¼421.5, p¼0.51).
Using a Friedman ANOVA with repeated measures on condition (ie, baseline vs non-noxious vs noxious), we obtained significant group effects for the total scores as well as for all subscores (table 1) . Additional analyses using Wilcoxon signed ranks tests revealed a difference between baseline and noxious stimulation conditions as well as between non-noxious and noxious stimulation conditions for the total scores and for the motor, verbal and facial subscores. For the visual subscores, we obtained a difference between the baseline and both nonnoxious and noxious stimulation conditions, but no difference between non-noxious and noxious stimulation conditions (table 2 and figure 1). As regards these results, we performed c 2 tests to verify whether each of the behaviours included in the visual subscale (ie, startle, eye movement and fixation) were not observed more frequently in the noxious versus the non-noxious stimulation condition. We did not find any difference (p>0.05) for each of these behaviours, suggesting they are equally observed in both conditions.
Box 1 Protocol of the Nociception Coma Scale
Motor response 3 e Localisation to painful stimulation 2 e Flexion withdrawal 1 e Abnormal posturing 0 e None/flaccid Using a ROC analysis, we identified an NCS cut-off value of 4 differentiating the patients receiving a noxious stimulation from patients receiving a non-noxious stimulation, with a sensitivity of 46% and a specificity of 97% (accuracy of 72%), all consciousness levels confounded. We decided to perform the same analysis without the visual subscale. We also obtained a cut-off value of four but with a sensitivity of 73% and a specificity of 97% (accuracy of 85%). The same cut-off value was found for the MCS group, with a sensitivity of 83% and a specificity of 95% (accuracy of 89%). We obtained a cut-off value of 3 for the VS group, with a sensitivity of 96% and a specificity of 89% (accuracy of 93%).
Verbal response
In the light of these results, we decided to test a revised version of the NCS including the motor, verbal and facial subscores and excluding the visual subscore. We used the ManneWhitney U test to assess whether the total scores of the revised version were different according to the diagnosis (VS vs MCS), the onset (acute vs chronic) and the aetiology (traumatic vs non-traumatic) (p<0.017; Bonferroni corrected p value threshold). We found a significant difference as a function of the diagnosis (U¼219, p<0.001). No significant difference was observed as either a function of the aetiology (U¼405, p¼0.42) or the onset (U¼374, p¼0.27). Using a Friedman ANOVA with repeated measures on experimental condition (ie, baseline vs non-noxious vs noxious), we obtained significant effects of experimental condition for the total scores (c 2 ¼106,39, p<0.001). Additional analyses using Wilcoxon signed ranks tests revealed a difference between baseline and noxious stimulation conditions (Z¼7.36, p<0.001) as well as between non-noxious and noxious stimulation conditions (Z¼7.62, p<0.001) for the total scores (figure 2).
DISCUSSION
The objective of the present study was to compare the behavioural changes observed with the NCS in noxious as well as non-noxious stimulation conditions in order to determine its sensitivity to assess behaviours linked to nociceptive pain in severely brain-injured patients.
According to our results, the total scores obtained in the nonnoxious stimulation condition were not significantly different from those obtained in the baseline condition, suggesting the NCS is not sensitive for assessing responses to non-noxious stimulation. On the contrary, the NCS total scores were higher for the noxious stimulation condition as compared to both baseline and non-noxious stimulation conditions, suggesting the NCS is sensitive for assessing responses to noxious stimulation.
As regards the subscales, the motor, verbal and facial subscores showed similar results. However, we did not observe a difference between the non-noxious and the noxious stimulation conditions for the visual subscores. More specifically, the behaviours included in this subscale were observed as frequently in response to non-noxious stimulation as in response to noxious stimulation. Finally, according to the ROC curve analysis we performed, the exclusion of this subscale increased the sensitivity of the cutoff score of 4 from 46% to 73%. In other words, the visual subscale does not seem to be sensitive for assessing responses to noxious stimulation. On the contrary, its exclusion seems to increase the sensitivity of the scale.
We therefore propose a revised version of the Nociception Coma Scale (or NCS-R), including the motor, verbal and facial subscores and excluding the visual subscore. Like its original version, 2 3 the NCS-R total score differs according to the diagnosis, higher total scores being observed in MCS versus VS patients. In parallel, the threshold differentiating the NCS-R total score obtained in the noxious versus the non-noxious stimulation condition varied according to the diagnosis, with a cut-off of 4 for MCS patients and 3 for VS patients. The lower threshold observed for VS patients has to be related to the lower NCS-R total scores obtained in response to noxious stimulations (range 1e4) as compared to MCS patients (range 2e8). Indeed, VS patients typically manifest less complex behaviours (eg, abnormal posturing, groaning and oral reflexive movements) as compared MCS patients (eg, localisation to noxious stimulation, intelligible verbalisations and grimaces), 1 leading to lower NCS-R total scores in VS patients. The fact that VS patients present less complex behaviours as compared to MCS patients may be explained by previous neuroimaging studies. Brain activation to nociceptive pain in VS patients seems to involve non-integrated low-level processing (ie, the midbrain as well as the thalamus and the primary somatosensory cortex, which are usually related to nociceptiond'the neural processes of encoding and processing noxious stimuli (ie, an actually or potentially tissue damaging event)'dand, only partly, to basic sensory-discriminative aspects of pain processing), 15e18 whereas brain activation in MCS patients seems to involve integrated high-level processing (ie, the thalamus and the primary somatosensory cortex connected to the secondary somatosensory cortex, which are usually related to the sensory-discriminative aspects of pain processing but also the anterior cingulate, insular and prefrontal cortices which have been related to pain-related affective and cognitive behaviours).
18e20
It is therefore not surprising that we observed a difference in the behavioural responses of these patients and hence in the cutoff score. In fact, no VS patient had a score above 4 in response to noxious stimulation, suggesting that this threshold may potentially reflect the presence of integrated high-level pain processing in severely brain-injured patients. Future neuroimaging studies will have to confirm that a score above 4 is related to such processing and, more precisely, to brain areas related to sensory discriminative systems (ie, primary and secondary somatosensory cortex) as well as motivationalaffective and cognitive-evaluative systems (ie, cingulate, insula and prefrontal cortices). 18 20 Even though we found a difference between the NCS-R total scores obtained in VS and MCS patients, the primary aim of the scale is to assess behavioural responses to nociceptive pain and not to assess the patients' consciousness level as other sensitive scales can be used for this purpose. 12 Finally, we did not obtain differences according to the onset or the aetiology, suggesting that this scale can be used in the acute or chronic setting as well as with traumatic or nontraumatic patients. One could argue that the psychometric data of this version were not tested and that the NCS-R could be a sensitive but not valid tool. Nevertheless, in our previous study, the verbal, visual and motor subscales showed significant correlations and hence good concurrent validity with pain scales for non-communicative patients such as patients with dementia and newborns. The inter-rater agreement was also good to excellent for each of these subscales. 2 These results suggest that the NCS-R, which includes these subscales, constitutes a sensitive and validated tool to assess behaviours linked to nociceptive pain in patients with disorders of consciousness. This study has nevertheless several limitations. First, we used a fixed order for the administration of the conditions (ie, baseline, non-noxious and noxious stimulation conditions). We decided to apply the baseline and non-noxious conditions before the noxious one since noxious stimulations have a longer lasting effect than non-noxious ones. If the noxious stimulation is applied first, it is likely that the stimulation will affect the responses observed in the other conditions, particularly as the time window between conditions is short (ie, 20e60 s). Second, the duration of the baseline and of both the non-noxious and noxious stimulation conditions was different. We decided to use a 60 s baseline in order to use the same procedure as that is used in standardised scales such as the CRS-R. 12 Since the duration of observation is longer, more behaviours and therefore higher total scores (and subscores) might have been observed during this condition. This could have diminished our chance to obtain a difference between this condition and the other ones (ie, nonnoxious and noxious). Despite this assumption, we still obtained significant differences in the NCS/NCS-R total scores and subscores between the baseline and the noxious stimulation condition. Finally, as our patients are non-communicative, we cannot exclude that some of them were experiencing pain in response to non-noxious stimulation (even if we excluded patients with documented upper limb contusions or fractures). However, if this had been the case for a significant portion of our population, the NCS/NCS-R total scores would have been as high in the non-noxious stimulation condition as in the noxious stimulation condition, which was not the case.
CONCLUSION
Our results suggest that the revised version of the NCS (NCS-R) is a highly sensitive tool to assess responses to noxious stimulation in severely brain injured patients, and is more sensitive than the original version of the NCS. The potential relation between an NCS-R cut-off value of 4 and pain processing should however be further investigated in the future. Results showing a relationship between the NCS-R total score and integrated high-level pain processing at a neural level would further support the use of such a scale for detecting and treating pain in patients with disorders of consciousness. In parallel, studies assessing the clinical utility of the scale are warranted. Until now, we used experimental nociceptive pain (ie, mechanicald pressure on the fingernail). Research showing a decrease of the NCS-R total scores after antalgic treatment as compared before treatment in patients known to have painful conditions (eg, fractures, soft tissue injuries or severe spasticity) would confirm the clinical utility of the NCS-R.
Overall, the NCS-R constitutes a promising clinical tool for assessing pain in severely brain-injured patients, and hence may lead to significant improvement of the care provided to these patients in the future.
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